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were considered only when the distance between the acyl-CoA sulfur atom and the oxygen atom of the catalytic serine was lower than 6 Å. Favorable interactions, such as hydrogen bonds (H-bond), hydrophobic interactions and salt bridges between the acyl-CoA and the protein were counted, considering only a group of atoms of the acyl-CoA, i.e. in bold in the following SMILES code:
CC(=O)SCCNC(=O)CCNC(=O)C(C(C)(C)COP(=O)(O)OP(=O)(O)OCC1C(C(C(O1)N2C=NC3=C2N=CN=C3
N)O)OP(=O)(O)O)O for acetyl-CoA or (O
(=O)CCC(=O)CSCCNC(=O)CCNC(=O)C(C(C)(C)COP(=O)(O)OP(=O)(O)OCC1C(C(C(O1)N2C=NC3=C2
The comparison in terms of favorable interaction permits to discriminate what is the prefered acyl-CoA for a given protein (red background in the table). "-" means that no docking simulation was performed and "NA" means that no pose was considered as interesting. In the lower Table is 
CC(=O)SCCNC(=O)CCNC(=O)C(C(C)(C)COP(=O)(O)OP(=O)(O)OCC1C(C(C(O1)N2C=NC3=C2N=CN=C3
(=O)CCC(=O)CSCCNC(=O)CCNC(=O)C(C(C)(C)COP(=O)(O)OP(=O)(O)OCC1C(C(C(O1)N2C=NC3=C2
The comparison in terms of favorable interaction permits to discriminate what is the preferred acyl-CoA for a given protein (red background in the table). "-" means that no docking simulation were performed and "NA" means that no pose were considered as interesting. In the lower Table is indicated the rank (in term of Autodock vina scoring function) of the pose for which the shortest distance was found between the hydroxyl group of homoserine to the sulfur atom of Cys in P6. 
Suplementary Figures
Supplementary Figure 1 . The L-methionine biosynthesis pathways in procaryotes. The reaction in dashed line has not been experimentally demonstrated.
Supplementary Figure 2. Mapping of the enzymes selected for activity screening on a taxonomic cladogram.
Organisms for which experimental data are available in the literature are indicated by a blue star (inner ring). Those for which enzymes were succesfully tested, or could not be obtained, are indicated by orange and purple stars, respectively. The tree is cut at the genus level. 941 genus are present, each encompassing between 1 and more than 60 species. In total, 9438 sequences from the MetA and MetX InterPro 21 sets are represented. Genus that have MetA, MetX, or both enzymes are indicated in orange, light green, and yellow, respectively (second inner ring). Presence of MetW (dark green) in the genus is indicated in the third inner ring.
Supplementary Figure 3. Heatmap and clustering of MetX family.
The heatmap represents the pairwise similarity matrix which was calculated with the R package protr. The set is non-redundant and composed of sequences issued from a clustering at 100% of sequence identity over the full sequence using Usearch tool 22 . The residues in blue correspond to those depicted in the logo. b. Residues composing the active site pocket. Side chains are represented by sticks or a sphere for glycine residues. The corresponding position of the residues in the logo are indicated with P [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . c. Transversal view of MetA cereus crystallographic structure (PDB code: 2VDJ). The accessible surface is represented in mesh drawing and the cavity corresponds to the active site that hosts homoserine is colored in blue. The position of the homoserine, represented in stick and in cyan, is taken from the crystallographic structure. d. Binding of homoserine (in dark gray) in MetA cereus active site. Homoserine is binded through (i) hydrogen bond with main chain -OH (not shown on picture) and side chains -OH of Ser192 (P10) and His235 (P13) and (ii) salt bridges with Lys163 (P8) and Arg249 (P16). The catalytic triad is colored in light blue while the residues implied only in the homoserine binding are in green. respectively from Xanthomonas campestris. In the MetX-G3 group, the two subgroups MetX-G3a and MetXG3c, composed of Xanthomanadales and (mainly) fungi, respectively, show up the motif described by Oda et al.
Supplementary
37
: Ala-Leu-Ser-(Pro/Ala), an amino-acid sequence of the turn region involved in the formation of the oxyanion hole. This structure plays an important role in the substrate specificity by stabilizing the serine through hydrogen bonding. This motif corresponds to P1 to P4 of the logos. Enzymes from these two subgroups catalyse serine acylation. By contrast, enzymes from the MetX-G3b subgroup, composed of Xanthomanadales as well, do not acylate serine but homoserine. The latter have a Tyr in P9 of its logo. This tyrosine faces the residues P1 to P4 and might impedes the substrate of getting close to these residues. Thus, because of this tyrosine, the serine substrate cannot be stabilized in MetX-G3b enzymes as it is in MetX-Ga or in MetX-Gc. b. The tree of MetA active sites presented here is identical to the one in This residue is supposed to play a role in the substrate preference to serine with respect to homoserine. Indeed, in the active site of MetA cereus , the nitrogen atom of homoserine (dark gray) is stabilized through hydrogen bond by the side chain -OH and the backbone -OH of serine, while in MetA Lactobacillus acidophilus active site, the nitrogen atom of the serine substrate is only stabilized by the backbone -OH group of Ala in P10. As a consequence, enzymes with a Ser in P10 would stabilized the substrate serine in the same way that it does for homoserine. In this configuration, the serine would be too far to interact with the catalytic cysteine in P6 and the reaction would not happened. That is the reason why the enzymes with Ser in P10 were experimentally proved to be homoserine acyltransferases and not serine acyltransferases. corresponding percent identity matrix was colored according to similarity between proteins. Grey, < 30% identity; light green, 30 < % identity < 40; dark green, > 90% identity. The matrix was used to select enzymes from groups 1, 2, and 3. Their position in the matrix is symbolized by colored dashes on the left and top of the matrix. For each group, the genomic context of the coding genes were retrieved from the Integrated Microbial Genomes platform (https://img.jgi.doe.gov). Each genomic context is framed with the color indicative of the enzyme selected in the matrix. The enzyme from the genomic context highlighted with a green star was experimentally proved to be HST. No homoserine acyltransferase activity could be detected for those with red stars. Only genomic contexts from groups 2 and 3 are related to methionine biosynthesis. Group I that groups 59% of the proteins are not related to methionine biosynthesis. Genomic contexts of fungi were not investigated. Prediction of acyl-CoA specificity along with the corresponding enzymes are mapped on a taxonomic tree adapted from previous work 41 . Genus for which acetylation of L-homoserine have been experimentally in this study are noted with (*). Amino acid (leucine or histidine) in the key position is written in the circle symbolizing the protein. Illustration of acquisition by archaea metX through two independent events by lateral gene transfer: i/ in methanogen species (MetX with a leucine in P17), and ii/ in a halophiles species (which is the only group of MetX with a histidine in P17). For metA, acquisition of HAT encoding gene seems to have appeared only in some Thermoacidophiles, such as Thermoplasmatales.
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Supplementary Figure 22.
Change at the codon level for switching from HAT to HST. Panel A and B describe scenario for MetX and MetA, respectively. The codon triplet for the amino acid determining acyl-CoA specificity of MetX/MetA is indicated. Hypotheses on the ancestral amino acid for both families were done considering that HAT is probably the ancestral activity in both families, and that the most common amino acid (leucine for MetX and glutamate for MetA family) is the original one. Position in red shows the mutation needed to switch from one amino acid to another.
